With the purpose of using Narazuke lees as a functional foods material, its effect on fatty liver of rats fed a high-fat and high-cholesterol diet was investigated. While significant accumulation of triacylglycerol was observed in the liver of rats fed high-fat and high-cholesterol diet was observed, rats fed diet supplemented with Narazuke lees showed significantly increased fecal dry weight, as well as increased fecal excretion of total lipids and total bile acids. Further, free fatty acids, glucose and insulin concentrations in the blood were significantly decreased, and amelioration of insulin resistance was observed. In the liver, reduction of FAS activity, significant increase in CPTIa activity and promotion of fatty acid β-oxidation were observed. An improving effect on fatty liver was observed by the suppression of lipid accumulation. The amount of liver TBARS was significantly reduced, indicating the inhibition of NASH progression.
Introduction
typically discarded as byproduct, the development of an effective usage for this waste is desired. Narazuke is manufactured with a pepo in the soaking paste as raw material sake lees. This soaking paste is prepared from the plate-like cake of sake lees by the fermentation in large tank under defoaming. First, salted pepo is immersed in the soaking paste. Then, this pepo is replaced in new soaking paste several times. During this procedure, salt in pepo is diluted, and many components of soaking paste are transferred into pepo, and then, the Narazuke is completed. The duration of Narazuke production is between 1.5 to 2 years, and besides the components derived from the raw materials, it is expected that a number of ingredients are produced during fermentation.
Numerous studies have the identified physiological effects of sake lees. The improving effects of sake lees on Cho metabolism was demonstrated by Ashida et al. (1997) using male SpragueDawley (SD) rats and by Mochida et al. (2000) using male Wistar rats. Saito et al. reported the isolation of six angiotensin I converting enzyme (ACE) inhibitory peptides from sake lees and sake (alcohol beverage) (Saito et al., 1992) , in which some peptides exhibited antihypertensive effects on spontaneously hypertensive rats (Saito et al., 1994a; Saito et al., 1994b) . Furthermore, Saito et al. (1997) also reported the amnesia preventive efficacy of several prolyl endopeptidase inhibitory peptides from sake lees and sake. Izu and others have shown that sake lees suppress D-galactosamine-induced liver injury in mice (Izu et al., 2006) . Moreover, the natural killer (NK) cell activating effect of sake lees and sake was reported by Okuda (2003) .
Narazuke soaking paste is manufactured by further maturation of sake lees. Consequently, the contents of Narazuke lees, such as dietary fiber and minerals (Ca, Mg, and Mn) , are increased compared with those of sake lees, potentially enhancing its physiological benefits. Since Narazuke lees are high in salt, desalting was performed prior to use in experiments. Narazuke lees were suspended in water and filtered, and the residuals were used in experiments. Most of the mineral components were removed by the filtration operation. However, the dietary fiber in the desalted Narazuke lees was almost unchanged in terms of weight, and a significant amount of protein remained; thus, the effects of these components are anticipated. Therefore, Narazuke lees are potential useful medical materials compared to sake lees.
The present study aimed to assess the application of Narazuke lees as a functional food. The effects of Narazuke lees on fatty liver were assessed using male SD rats fed a high-fat and high-Cho diet.
Materials and Methods
Materials Narazuke lees (NL) were obtained from Tanakachou Co., Ltd., and desalted prior to use in experiments. In brief, 5 volumes of water were added to Narazuke lees and stirred for 1 h. The suspended Narazuke lees was collected by filtration using filter paper (Whatman No. 2) , and used as desalted material.
The desalted Narazuke lees contained 74.3% moisture (oven drying at 105℃), 9.2% crude protein (Kjeldahl decomposition method, AOAC 984.13, protein convention factor of 6.25), 8.2% dietary fiber (95% insoluble; Enzymatic-Gravimetric method, AOAC 991.43), and 1.8% salt (digital salt meter ES-421).
Experimental diets
The diet constituents are shown in Table 1 .
The control diet (C) contained 20% protein and 5% corn oil. The high-fat and high-Cho diet (HF) contained an additional 1% corn oil, 9% lard, 0.5% Cho, and 0.125% sodium cholate. In addition to the constituents of the HF diet, the NL diet contained 8% desalted Narazuke lees; the protein and salt concentrations were adjusted accordingly. As Narazuke lees contain 74.3% moisture, an addition of 8% was 2.06 g as dry weight. The NaCl-free AIN93G mineral mix was purchased from Oriental Yeast Co., Ltd. Energy per 100 g was 386.3, 408.8, and 383.8 kcal in the C, HF, and NL diets, respectively.
Laboratory animals and feeding conditions Male 4-week-old
Slc:SD (SPF) rats (body weight, 70 _ 90 g) were purchased from Shimizu Experimental Materials Co., Ltd. (Kyoto, Japan). After acclimation feeding for 8 days with C diet, rats were divided into three groups of equal mean weights: six rats in C group (143.7 ± 2.0 g), seven in HF group (144.6 ± 2.5 g), and seven in NL group (143.9 ± 1.0 g). Rats were fed for 22 days in individual stainless steel cages in a temperature-(22℃ ± 2℃) and humidity-(55% ± 10%) controlled room with a 12-h light/12-h dark cycle (light period, 8:00 _ 20:00). Food and tap water were provided ad libitum, and body and ingested food weights were measured every other day during the feeding period. Rat feces were collected for 48 h from the 19th day of feeding, weighed, freeze-dried, and then stored at _ 80℃ until analyses. After fasting for 8 h, the anesthetic drug somnopentyl was intraperitoneally injected, and anesthetized rats were sacrificed by collecting blood from the abdominal aorta. The liver, perirenal adipose tissue, epididymal adipose tissue, mesenteric adipose tissue, and cecum were immediately removed and weighed. After heparin processing, plasma was collected from blood samples by centrifugal separation at 12,000 rpm for 15 min and stored at _ 80℃ until subsequent analyses. Livers were perfused in 5 mM Tris-HCl buffer (pH 7.2) containing 0.25 M sucrose and 1 mM EDTA·2Na to remove any remaining blood in the capillaries and were then finely chopped.
Chopped liver samples were immediately separated into mitochondrial and cytosolic fractions using a centrifugal cell f r a c t i o n a t i o n m e t h o d , a n d m i t o c h o n d r i a l c a r n i t i n e palmitoyltransferase-Ia (CPT-Ia), and cytosolic glucose 6-phosphate dehydrogenase (G6PDH) and FAS activities were determined. The remaining livers were stored at _ 80℃ until subsequent analyses. Folch et al. (1957) and dried under reduced pressure and N 2 gas flow; the dried fats were weighed relative to liver sample weights. A portion of the dried fats was then dissolved in 10% TritonX-100 containing isopropyl alcohol, and TG, Cho, PL, and FFA levels were determined using the above-mentioned commercial kits.
Measurements of plasma glucose and insulin levels Plasma glucose levels were assayed using the Glucose C II Test Wako Kit, and insulin levels were assayed using the Rat Insulin ELISA Kit H type (Shibayagi Industries, Ltd., Tokyo, Japan).
Determination of hepatic thiobarbituric acid reactive substances (TBARS)
Hepatic TBARS was assayed as described by Kosugi et al. (1992) with modifications of the Ohkawa method, and the red dye was quantified using a molecular extinction coefficient of 156,000 M _ 1 ·cm _ 1 .
Determination of hepatic FAS
Since fatty acid biosynthesis occurs in the cytosol, FAS activity was assayed in the cytosolic liver fraction. FAS activity was assayed using the method reported by Nepokroeff et al. (1975) with minor modifications. In brief, FAS activity was assayed by monitoring the decrease in concentrations of coenzyme NADPH using a molar extinction coefficient of 6,220 M _ 1 ·cm _ 1 and malonyl-CoA as a substrate.
Determination of hepatic G6PDH Hepatic G6PDH activity was assayed in the crude enzyme solutions used to measure FAS activity, as described by Davidson et al. (1963) . In brief, increases in the G6PDH product NADPH were spectrophotometrically monitored, as in FAS assays.
Determination of hepatic CPT-Ia CPT-Ia is the rate-limiting
enzyme of fatty acid β-oxidation and is localized to the inner mitochondrial membrane. Mitochondrial fractions from liver extracts were suspended in 5 mM Tris-HCl buffer solution (pH 7.2) and used as enzyme solutions. CPT-Ia activity was assayed as described by Markwell et al. (1973) . In brief, palmitoyl-CoA was used as a substrate, and CPT-Ia activity was indicated by the release of free CoA from the substrate. After reaction with 5,5'-dithiobis (2-nitrobenzoate) at 30℃, the yellow pigment formed was measured at 412 nm using a molar extinction coefficient of 13,600 M _ 1 ·cm _ 1 .
Measurement of protein contents in enzyme solutions Protein
concentrations of FAS and CPT-Ia enzyme solutions were determined using the Lowry method (Lowry et al., 1951) with bovine serum albumin as a standard.
Determination of fecal total lipids and total bile acids After extraction from dry feces using ethanol and chloroform methanol
(1:1), total lipids (TL) were weighed, and total bile acids were measured using the Total Bile Acid Test Wako Kit.
Statistical analysis Data were expressed as mean ± standard error (SE). Significant differences between diet groups were identified by one-way analysis of variance (ANOVA) and Tukey's multiple comparison test using IBM SPSS Statistics 21. Differences
were considered significant at p < 0.05. Desalted Narazuke lees contained 5.9 g moisture.
Results
Body, tissue weights and food intake Body weights and food intake did not differ between the groups on the final day of the feeding period (Table 2) . However, body weights tended to be lower and food intake tended to be higher in the NL group than in the HF group. Accordingly, the ratio of body weight gain to total food intake was significantly lower in the NL group (37.0 ± 0.8%) than in the HF group (41.4 ± 0.6%) and was similar to that in the C group (36.8 ± 0.4%). Energy and Cho intakes were calculated using diet composition and food intake. In the NL group, Cho intake was slightly higher and energy intake was slightly lower than in the HF group. Liver weights were significantly higher in the HF and NL groups than in the C group. Adipose tissue (perirenal and epididymal) weights in the HF and NL groups were higher than that in the C group. In addition, mesenteric adipose tissue weights in the HF group tended to be slightly higher, while those weights in the NL group tended to be slightly lower. In addition, cecal weights in the HF group were slightly higher than those in the C group, and cecal weights in the NL group were higher than those in the HF group. Measurements of cecal content pH were: C group: 7.6 ± 0.1, HF group: 7.4 ± 0.2, NL group: 7.1 ± 0.1. Table 3 , plasma Cho levels in the HF group were higher than those in the C group and slightly higher than those in the NL group. TG levels were lower in both the HF and NL groups compared to the C group. PL levels in the HF group were significantly lower than those in the C and NL groups. FFA levels were lower in the NL group than in the C and HF groups, and were significantly different from the C group. Table 3 , plasma glucose and insulin levels in the HF group were significantly higher than those in the C group. Plasma insulin levels were lower in the NL group than in the HF group, and plasma glucose levels were significantly lowered by NL supplementation. The amounts of energy intake and cholesterol intake were calculated using diet composition and food intake. Table 4 , TL levels in the HF group were approximately 3.2 times higher than those in the C group, whereas the NL group levels were less than half those of the HF group. TG levels in the HF group were approximately 4.9 times higher than those in the C group, whereas the levels in the NL group were approximately 55% of those in the HF group. Cho levels in the NL group showed a similar tendency and were approximately 50% of levels in the HF group. PL levels were comparable in the C and NL groups but were approximately 1.3 times higher in the HF group. FFA levels in the NL group were approximately 50% of those in the HF group, which were approximately five times higher compared with the levels in the C group.
Plasma lipid levels As shown in

Plasma glucose and insulin levels As shown in
Hepatic lipid contents As shown in
Hepatic TBARS levels As shown in Table 4 , TBARS levels in the HF group were significantly higher than in the C group, and those in the NL group were markedly lower than in the C group.
Hepatic FAS, G6PDH, and CPT-Ia activities As shown in the Table 5 , cytosolic FAS and G6PDH and mitochondrial CPT-Ia activities in the HF group were significantly lower than those in the C group. However, cytosolic FAS and G6PDH activities were even lower in the NL group, and mitochondrial CPT-Ia activity was significantly higher than that in the HF group.
Fecal excretion of total lipids and total bile acids As shown
in Table 6 , fecal weights did not differ between the HF and C groups on the final day of feeding but were significantly higher in the NL group. Fecal total lipids excretion was significantly higher in the HF group than in the C group, and was significantly higher in the NL group than in the HF and C groups. Moreover, total bile acids excretion was seven times higher in the HF group than in the C group, and was significantly higher in the NL group than in the HF and C groups.
Discussion
In the present study, in an effort to use Narazuke lees, produced in large quantities as a byproduct, as a component in animal diets or as a functional food, its effect on HF diet-induced fatty liver was times that of the C group ( Table 2 ). The levels of hepatic total lipids, TG and Cho in the HF and NL groups were higher than those in the C group; in particular, the values of TG and Cho in the HF group were notably higher, and fatty liver (TG and Cho occupied 13.5% of liver weight) was confirmed (Table 4) . Liu et al. (1995) showed that the addition of Cho to diet promotes TG synthesis and lipid accumulation in the liver. Chiang et al. (1998) also reported that the dietary addition of Cho and cholate increased Cho levels in the blood and liver. Since Cho and cholate-added diets were used in this study, TG and Cho liver accumulation was thought to be promoted. In contrast, in the NL group, there was no difference in liver weight compared to the HF group; however, the liver showed 7.6% TG and Cho, which was about half that of the HF group. Further, visual improvement of fatty liver was observed.
Moreover, while large variation in plasma lipid concentration was observed, and significant differences were not observed for the HF group, an increase in Cho and decrease in TG levels were noted. This tendency was also observed for the NL group, and the addition of Narazuke lees did not have a plasma Cho suppressant effect (Table 3) . It is known that liver dysfunction induced by excess fat accumulation results in down-regulation of lipoprotein secretion capacity and decreased blood TG levels (Liu et al., 1995; Wang et al., 2011) . We observed remarkable lipid accumulation in the liver and decreased plasma TG concentrations in this experiment. Mochida et al. (2000) reported that sake lees powder administration increased appendix contents and lowered the pH, as well as promoted fecal excretion of neutral and acidic sterols in rats fed a HF diet. Although significant differences were not observed in this experiment, the NL group showed the highest cecal weight (Table 2) (2010) on Profiber, which contained concentrated and powdered components of low digestible dietary fiber and resistant protein contained in sake lees, mesenteric, perirenal, and epididymal fat weights were decreased in obesity-induced rats; moreover, fecal weight and total fat excretion were significantly increased. The daily fecal weight of the NL group was significantly increased compared to the HF group. In addition, lipid and total bile acids excretions of the HF group were also significantly higher than the C group; further, the NL group showed high values as compared to the HF group: 1.6-fold greater TL excretion and 1.1-fold greater total bile acids excretion (Table 6) . Hepatic fat accumulation in the NL group was lower than in the HF group, which might be attributable to the inhibition of lipid absorption.
The Narazuke lees contained 31.9% dietary fiber on a dry weight basis, and approximately 95% of that was insoluble. In general, insoluble dietary fiber is difficult to digest and inaccessible to fermentation by general intestinal bacteria, and is therefore excreted almost unaltered. Thus, it appears in this study that the fecal weight increased as a result of the large water-holding property. This indicates that the insoluble dietary fibers exerted a large influence by adsorbing lipids from the diets and promoting excretion; thus, rats administered Narazuke lees showed increased fecal amounts and subsequently reduced hepatic TG accumulation.
Also, it was thought that the decreased hepatic Cho was due to accelerated excretion of total bile acids and an accompanying increase in catabolism to bile acids from Cho. The effects of the resistant protein and dietary fiber of Narazuke lees are currently under study.
The inhibition of fatty liver development by brewing byproducts such as sake lees or shochu lees has been reported. Mochizuki et al. (2005) reported that administration of 10% barley shochu lees powder improved orotic acid-induced fatty liver in rats. In contrast, the addition of 10% rice or potato shochu lees, sake lees, or soybean lees, showed little fatty liver improvement.
Moreover, Nohara et al. (2010) reported that in Cho and cholate diet-induced fatty liver, supplementation with Awamori lees significantly reduced Cho in the serum and liver by the 5% added Table 6 . Fecal total lipids and total bile acids in rats fed experimental diets for 22 days diets, while the 50% added diet significantly reduced Cho and TG, and fatty liver was suppressed completely. The increased fecal and total bile acids excretion was thought to be due to the undigestible protein and dietary fiber contained in Awamori lees. Notably, experiments using Awamori lees and barley shochu lees showed fatty liver inhibiting effects with the dietary addition of 10% and 20% dry powders. In this study, 8% Narazuke lees was incorporated; and with a moisture content of 74.3%, this translates to about 2% on a dry weight basis. As insufficient amounts of dietary fiber were contained in the NL diet, the observed effects might be due to factors other than dietary fiber.
In addition to the excess lipids and carbohydrate derived from the diets, it was thought that the liver fat deposition was due to the increased influx of fatty acids from adipose tissues, promoting fat synthesis, inhibiting fatty acid β-oxidation, and suppressing the secretion of apoprotein. The formation of fatty liver due to metabolic disorders is known to be based on insulin resistance induced by visceral fat accumulation (Hamaguchi et al., 2005) , and appears to involve insulin receptor substrate (IRS) as the cause of insulin resistance (Taniguchi et al., 2006) . Liver insulin action is the promotion of fat synthesis through the IRS-1 pathway and glucose production suppression through the IRS-2 pathway. The IRS-1 pathway is required for the induction of SREBP-1c expression, which plays a central role in fat synthesis (Matsumoto et al., 2002) . Under insulin resistance-associated hyperinsulinemia, IRS-2 expression is selectively suppressed (Shimomura et al., 2000) and the IRS-1-SREBP-1c pathway is selectively activated; fat synthesis is promoted and fat accumulation in the liver is enhanced (Tobe et al., 2001; Brown and Goldstein, 2008) . In our study, the mesenteric adipose tissue weight, a visceral adipose tissue, did not significantly differ between the C and HF groups, while plasma glucose and insulin concentrations of the HF groups were significantly increased, and showed insulin resistance ( Table   3 ). According to these facts, hormone sensitive lipase in the adipose tissue was enhanced, fatty acids produced by fat decomposition were transported to the liver, fat synthesis in the liver was increased, and fatty liver due to significant TG accumulation was observed. In our study, the NL group had significantly lower plasma glucose and insulin concentrations than the HF group, and insulin resistance was improved. FAS activities, an enzyme of the fatty acid synthesis system in the liver, and G6PDH, related to the supply of NADPH, a cofactor during fatty acid synthesis, were lower in the HF group than the C group, and
showed lower values in the NL group than the HF group, and significant differences were observed compared to the C group (Table 5) . The results of our experiment on liver fat accumulation are consistent with the results of Hirahata et al. (2013) , in which lactate fermented soymilk was administered to rats fed a high-fat and high-Cho diet and the expression of lipid metabolism-related genes in the liver was assessed. FAS activity was low in the highfat and high-Cho diet group, and was further reduced upon administration of fermented soymilk, resulting in the suppression of lipid accumulation in the liver. The report of Zhang et al. (2013) is of interest in that fruit flavonoids were responsible for the active oxygen-scavenging system, increased SOD and GSH-Px activities, GSH content, and reduced MDA, resulting in the suppression of NASH progression.
While the current study did not involve experiments exploring the fibrosis of liver tissue, liver TBARS were significantly increased in the HF group. The TBARS level was shown to increase according to the amount of fat used as a substrate (the amount of fatty acid).
The TBARS level increased with increasing TG level in the HF group; furthermore, even with minimal changes in TG levels, alterations in TBARS level were observed, with individual samples exhibiting accelerated peroxidation. With an extended feeding period, NASH appeared to develop. In the NL group, the low TG value was associated with low TBARS value; and individual differences were small, and oxidation was suppressed. The TG content of the C group was lower than the NL group, but the TBARS level was higher than the NL group. As corn oil was used as the dietary fat source in the C group, the results were thought to be due to the intake of unsaturated fatty acids, which is easily oxidized. In the future, we plan to measure the enzyme activities of the active oxygen scavenging system.
From the above experimental results, supplementation with Narazuke lees suppressed the absorption of fat, promoted the excretion of fat, decreased the amount ingested, reduced insulin resistance, enhanced fatty acid decomposition, inhibited fat accumulation in the liver, and ameliorated fatty liver. Thus, Narazuke lees exhibit functional properties for the prevention of fatty liver development in rats. We also considered that the observed functional properties were derived not only from resistant proteins within the raw material of the sake lees but from components (such as melanoidins) generated during long-term fermentation. The active ingredient is not thought to be a single component, but multiple components that act compositely to exert a specific function.
